Little is known about dietary supplement use among people with asthma, especially on a national level. We examined the prevalence and type of supplement use and demographic and health-related characteristics of users among US adults with asthma. Methods: Data from the 2005-2006 National Health and Nutrition Examination Survey were analyzed. Asthma was defined by self-report of ever receiving a diagnosis and still having asthma currently. Dietary supplements were collected by direct inspection of products where possible (88% of the time), and were transcribed by trained nutritionists. Multivariate logistic procedure was performed to determine independent associations of supplement use with participant characteristics. Results: The prevalence of using a dietary supplement in the past month was similar between adults with asthma (50.2%, 8.6 million) and those without asthma (54%, 104.3 million). Among asthmatic adults, multivitamins/multiminerals (40.1%) were the most commonly used supplements, followed by vitamin B 12 (23.3%), vitamin C (19.9%), calcium (15.2%), vitamin E (14.7), folic acid (12.7%), vitamin B 6 (11.2%), thiamin (10.8%), niacin (10.8%), B complex vitamins (10.4%), and riboflavin (10.3%). Asthma adults who were supplement users tended to be older (50.2 ± 19.2 versus 45.2 ± 18.0 years for supplement users versus nonusers, respectively, P = 0.009), white/Hispanic, women, and had excellent/very good self-reported health. Forty-three percent of supplement users took only one supplement. Middle-aged and older asthma adults were more likely to use multiple supplements concurrently. Conclusion: Use of dietary supplements is popular in US adults with asthma, similar to the general adult population. It is important to take supplement use into account in clinical care for asthma patients and in the design and analysis in epidemiological and intervention studies of nutrition and asthma.
Introduction
Observational studies have shown encouraging evidence of a protective effect of a wide range of nutrients on asthma prevalence and symptoms; however, evidence from dietary intervention trials has been far less consistent or conclusive. 7, 8 The nutrients most extensively investigated for the effects in asthma comprise the following main groups: vitamins (antioxidant vitamins A, C, E, and D), minerals (sodium, selenium, and magnesium), and fatty acids (omega-3 and omega-6 polyunsaturated fatty acids). Currently, not enough evidence exists to recommend that any of these nutrients should be consumed or avoided to affect asthma. 9 Over half of US adults use some type of vitamin, mineral, or other dietary supplements. [10] [11] [12] Individuals with medical conditions are more likely to use supplements, presumably because they believe that supplements can prevent or treat chronic diseases, despite limited scientific support for the efficacy of such use and, in some instances, evidence of potential harm. 13, 14 It has been documented that the use of complementary and alternative medicine is popular in asthma. 15, 16 However, no nationally representative data have specifically examined dietary supplement use among people with asthma. This information is needed to improve clinical care of asthma patients and to inform future investigation of the therapeutic or preventive role of diet and nutrition in asthma.
The current study presents data from the 2005-2006 National Health and Nutrition Examination Survey (NHANES) on the prevalence and type of supplement use and characteristics of users among US adults with asthma specifically, on a national level.
Methods

Data source
The NHANES is a national survey involving household interviews and clinical examinations conducted by the National Center for Health Statistics. The NHANES uses a stratified, multistage probability cluster sampling design and weighting methodology that allows unbiased national estimates to be produced for the civilian, noninstitutionalized US population. NHANES sample weights adjust for unequal probabilities of selection, nonresponse, and planned oversampling (of young children, the elderly, persons with low income, and ethnic minorities). Detailed documentation of the NHANES survey and public use data files can be found at http://www.cdc.gov/nchs/nhanes.htm.
Study population
A total of 10,348 individuals of all ages was included in NHANES [2005] [2006] . The overall response rates were 80.5% for the household interviews and 77.3% for the examinations. In this study, we focused on the sample of all 4979 adults 20 years of age or older who had been randomly selected for household interviews.
Measurements Asthma
Consistent with previous NHANES reports, [17] [18] [19] the diagnosis of asthma was based on the questions "Has a doctor or other health professional ever told you that you have asthma?" and "Do you still have asthma?" in the medical conditions questionnaire.
Dietary supplement outcomes
In NHANES 2005-2006, dietary supplement use data were self-reported and recorded by interviewers using Computer-Assisted Personal Interview technology. Survey participants were asked whether they had taken any vitamins, minerals or other dietary supplements, including prescription and nonprescription supplements, in the past 30 days. Those reported using any dietary supplements were asked to provide the containers of all the products used. NHANES interviewer recorded the name and manufacturer of each supplement as they appeared on the label of the supplement container. If the participant could not provide the container (12% of the time), the interviewer asked for the exact name of the product or, if not known, the supplement type, for example, multivitamin, vitamin C. Up to 20 supplements could be recorded. For the purpose of quality assurance, data extracted from the dietary supplement use questionnaire were routinely examined by trained nutritionists for discrepancies and erroneous entries. Efforts were made to ensure as much accuracy as possible in finding the label information for the exact product taken, and providing exact ingredient information for this product.
Any dietary supplement use was identified using the question "Have you used or taken any vitamins, minerals or other dietary supplements in the past 30 days?" Use of specific supplements was identified based on ingredients of the products reported and was categorized according to previously published definitions. 11 covariates Demographic and socioeconomic characteristics index (BMI) was calculated and rounded to the nearest tenth. BMI categories were defined using widely accepted cutpoints, ie, BMI ,18.5 kg/m 2 for underweight, BMI 18.5-24.9 kg/m 2 for normal weight, 25.0-29.9 kg/m 2 for overweight, and BMI $30.0 kg/m 2 for obesity. 20 Self-rated health status was classified as excellent/very good, good, or fair/poor. Number of chronic conditions referred to the total number of medical conditions that a respondent had ever been told by a doctor or other health professional that they had or clinical diagnosis. The list of conditions included asthma, diabetes, arthritis, coronary heart disease, angina, myocardial infarction, congestive heart failure, stroke, emphysema, chronic bronchitis, any kind of cancer (excluding nonmelanoma skin cancer), any thyroid problem, any kind of liver condition, hypertension, and hyperlipidemia. In addition to a self-reported doctor diagnosis, hypertension was also defined by either a measured systolic blood pressure $140 mmHg or diastolic blood pressure $90 mmHg, consistent with current Joint National Committee guidelines, 21 or self-reported use of antihypertensive medication. Similarly, the definition of hyperlipidemia also included either a total cholesterol concentration $240 mg/dL or fasting low-density lipoprotein cholesterol concentration $160 mg/dL, consistent with current Adult Treatment Panel-III guidelines, 22 or self-reported use of lipid-lowering therapy. The number of chronic conditions was categorized as 0, 1-2, and 3+ conditions.
Lifestyle behavior
Physical activity was assessed by self-report and, as previously defined, 11 included vigorous activity causing heavy sweating, or large increases in breathing or heart rate and of moderate activity causing only light sweating or a slight to moderate increase in breathing or heart rate for at least 10 minutes in the past 30 days. We categorized smoking status as nonsmoker, current smoker, or former smoker; and alcohol use as never drinker, occasional drinker, moderate drinker (#one drink/day for females or #two drinks/day for males), or heavy drinker (.two drinks/day for females or .three drinks/day for males).
Statistical analysis
All analyses were conducted in the SAS Enterprise Guide 4.1 (SAS Institute, Cary, NC) and took account of the complex sampling design and sample weights of the NHANES. Prevalence estimates for use of any dietary supplement and of specific supplements among adults with asthma were generated using the SURVEYMEANS procedure. Standard errors for the estimates were calculated according to the NHANES analytical guidelines, and estimates with a relative standard error .30% were considered unreliable. 23 Chi-square tests (PROC SURVEYFREQ) examined isolated associations between supplement use and demographic and healthrelated characteristics. Adjusted odds ratios (ORs) with 95% confidence intervals (CIs) and associated Wald χ 2 statistics from the logistic procedure (PROC SURVEYLOGISTIC) were used to determine the significance of independent associations of supplement use with each demographic or health-related characteristic of interest while simultaneously controlling for the other characteristics. Geometric means with 95% CIs of the number of supplements taken were used to account for the skewed distribution. Statistical significance was set at two-sided P , 0.05.
Results
The study sample included 390 adults with asthma and 4589 adults without asthma, representative of 17 million asthmatic adults and 193 million nonasthmatic adults in the general US population. Their characteristics are shown in Table 1 .
Adults with asthma did not differ from the rest of the US adult population in terms of prevalence of use for any dietary supplement or for specific supplements ( Table 2 ). About 8.6 million (50.2%) adults with asthma and 104.3 million (54%) adults without asthma reported taking a dietary supplement in the past 30 days. Among adults with asthma, multivitamin/multiminerals (40.1%) were the most commonly used kind of supplements, followed by vitamin B 12 (23.3%), vitamin C (19.9%), calcium (15.2%), vitamin E (14.7), folic acid (12.7%), vitamin B 6 (11.2%), thiamin (10.8%), niacin (10.8%), B complex vitamins (10.4%), and riboflavin (10.3%). Use of calcium supplements doubled (30.7%) when calcium-containing antacids not reported as dietary supplements were included. Other relatively common supplements included magnesium (9.6%), iron (9.3%), vitamin A (9.3%), zinc (8.9%), selenium (7.7%), and chromium (7.4%), and fish oils/omega-3 fatty acids (6.7%), each reported by more than one million adults with asthma. Tables 3 and 4 enumerate the prevalence of use of any dietary supplement, and of specific supplements by demographic and health-related characteristics, among US adults with asthma. Bivariate analyses assessed associations between participant characteristics and use of any supplement and of the most commonly taken supplement, multivitamin/ multiminerals. We did not test associations of use of other specific supplements with participant characteristics because of concern about spurious findings due to the numerous comparisons possible. Also, previous studies of 
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dietary supplement use in the general US adult population did not suggest systematic differences in associations of demographic or health-related characteristics with specific supplements. 11 Tables 3 and 4 show consistent patterns by characteristics across specific supplements among adults with asthma as well.
Use of any supplement and multivitamin/multiminerals among US adults with asthma was higher for women than for men (P = 0.01), for non-Hispanic Whites and Hispanics versus non-Hispanic Blacks, for individuals with a college education or above versus those with less education, for those who were separated, divorced, or widowed versus others, for normal or overweight individuals versus obese individuals, and for those who reported at least good health versus fair/poor health (P , 0.05 for all). In addition, use of any supplement was greater with age (P for trend = 0.03), and use of multivitamin/multiminerals was greater for asthma adults reporting moderate or vigorous versus no physical activity (P = 0.04).
After controlling for all the other demographic and healthrelated characteristics among US adults with asthma, women had greater than two times the odds for men of reporting use of any supplement (OR = 2.6, 95% CI 1.6, 4.3) and multivitamin/multiminerals (OR = 2.3, 95% CI 1.2, 4.5, Table 5 ). Non-Hispanic Whites and Hispanics were more likely to take a supplement in general (OR = 3.1, 95% CI 2.0, 4.8 for Whites; OR = 3.9, 95% CI 1.6, 9.5 for Hispanics), as well as more likely to take multivitamin/multiminerals of women) had taken only one supplement, and the mean number taken was similar between genders (1.7 for men and 1.9 for women, Table 6 ). More middle-aged (72.2%) and older adults (67.3%) than young adults (35.4%) with asthma took more than one supplement (P , 0.001). The mean number taken was significantly higher for middle-aged (2.2, 95% CI 1.8, 2.7) and older adults (2.0, 95% CI 1.7, 2.4) than for young adults (1.4, 95% CI 1.2, 1.7, P = 0.004).
Discussion
Large population-based surveys, including previous NHANES surveys, have consistently reported widespread use 
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Dietary supplement use and asthma of dietary supplements among US adults, although estimates of prevalence have varied depending on the survey. [10] [11] [12] Among the groups that are more likely to take supplements are individuals with chronic conditions. 13, 14 Very little is known about dietary supplement use among people with asthma, especially on a national level. Using the most recent nationally representative data available from the NHANES 2005-2006 on comprehensive dietary supplement use, we found that use of any dietary supplement and of specific supplements, multivitamin/multiminerals in particular, was equally popular among US adults with asthma, as compared with those without the disease. As reported in previous studies of the general US adult population, 10-12 asthma adults who were supplement users tended to be older, White/Hispanic, women, and have good self-reported health. Middle-aged and older asthma adults were also more likely to use multiple supplements concurrently. Our finding of the popularity of dietary supplements among adults with asthma is consistent with reports 24,25 of prevalent use of complementary and alternative medicine approaches in this patient population. We were not able to assess whether the supplements were used for asthma versus for some other purpose, because the NHANES did not collect this information. However, previous research has shown that supplement users often use these products with, or instead of, conventional therapies for treating or preventing illness or health conditions, frequently in spite of limited evidence of efficacy and/or safety of such use. 12, 14 And only a minority disclose this use to their conventional health care provider. 12, 26 There also exists evidence that asthma patients frequently use complementary and alternative medicine, in conjunction with or substitution for their prescribed medications, to treat their asthma, and that many do so without the knowledge of their health care provider. 24, 27 Most cited reasons by asthma patients for using complementary and alternative medicine are the beliefs that the therapy can help asthma and that it is natural or safe, followed by other reasons such as recommendation by a family member or friend, the desire for greater self-control of their asthma management, and dissatisfaction with and/or concerns about conventional asthma treatment. 27 Contrary to popular belief, therapeutic efficacy has not been established for any of the complementary and alternative medicine approaches in asthma. 25, 28 Similarly, despite some promising hypotheses and epidemiologic and mechanistic study findings, the trial evidence available to date is insufficient to recommend that people with asthma supplement or modify their intake of any specific dietary constituents to improve their asthma control. 8, 9 There are also unresolved safety concerns about many complementary and alternative medicine remedies. Dietary supplements are not devoid of side effects, and the likelihood of risk is greater among people who use supplements with or in place of prescription drugs to treat or prevent a health condition. 12 In conjunction with the documented limited disclosure about supplement use by patients, the lack of therapeutic efficacy, and the concern for side effects and interferences with use of standard medical therapies, the specific information from this study about the prevalence and type of supplement use and characteristics of users among adults with asthma is likely to be helpful for health care professionals working in the field of asthma management. These findings suggest that health care providers should proactively elicit information from their asthma patients about dietary supplement use, the reasons why they choose to do so, the ways they are using the product in relation to their prescription asthma medications, and their treatment preferences and outcome expectations. Shared medical decision-making has been shown to improve adherence and outcomes in adults with poorly controlled asthma. 29 The high prevalence of supplement use and the strength of some of the associations with demographic/lifestyle variables seen in our analyses of US adults with asthma also have implications for epidemiologic and intervention studies of nutrition and asthma. Dietary supplement use needs to be adequately accounted for in the designs as well as the analyses of these studies, because failure to do so may lead to erroneous conclusions about nutrient effects (or lack thereof) on asthma outcomes. Uncontrolled variations in nutrient intake from dietary supplements might have contributed to disparate findings in the field of research on diet and asthma, and may also help explain some of the negative findings. For example, as Feary and Britton hypothesized, 30 it may be that dietary supplementation only works in nutritionally deplete populations and that no additional beneficial effect will occur in well-fed and consequently oversupplemented individuals.
In NHANES, dietary supplement data are collected by direct inspection of products used during in-person household interviews, except where that is not feasible (12% of the time in [2005] [2006] , and the data are transcribed and categorized by nutritionists based on standardized classification rules regarding the product name and ingredients. This method has been used as the reference method to assess the validity of self-reported dietary supplement use in other studies. 31, 32 The definition of asthma was based on self-report, which is subject to recall bias and misclassification. However, it is not feasible for large epidemiological studies such as NHANES to validate all self-reported medical histories. The two-part definition of asthma used in this analysis (ever diagnosed plus still have asthma) is consistent with other NHANES asthma reports. [17] [18] [19] To gauge the risk of bias and misclassification, we performed sensitivity analyses using more stringent asthma case definitions, ie, ever diagnosed by a doctor and still have asthma plus chest wheezing/whistling in the past year plus asthma medication use in the past month. With each added criterion, the prevalence decreased (from 8% to 5% to 3%) but with relatively little change in the direction and magnitude of the observed association with use of any supplement and specific supplements.
Because our analyses are cross-sectional, we cannot determine the temporal relationship between supplement use and asthma diagnosis, nor can we assess whether people were using supplements to treat their asthma. The results of this study are intended to document the prevalence and type of supplement use and characteristics of users among adults with asthma specifically, on a national level. As detailed above, this information has important implications for clinical care for asthma patients and for the design and analysis in epidemiological and intervention studies of nutrition and asthma.
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